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Edited by Gianni CesareniAbstract The archetypal Type IIE restriction endonuclease
EcoRII is a dimer that has a modular structure. DNA binding
studies indicate that the isolated C-terminal domain dimer has
an interface that binds a single cognate DNA molecule whereas
the N-terminal domain is a monomer that also binds a single
copy of cognate DNA. Hence, the full-length EcoRII contains
three putative DNA binding interfaces: one at the C-terminal do-
main dimer and two at each of the N-terminal domains. Muta-
tional analysis indicates that the C-terminal domain shares
conserved active site architecture and DNA binding elements
with the tetrameric restriction enzyme NgoMIV. Data provided
here suggest possible evolutionary relationships between diﬀerent
subfamilies of restriction enzymes.
 2006 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Restriction endonucleases (REases) constitute a large family
(3600 members) of functionally related proteins that are sub-
divided into diﬀerent subtypes according to their oligomeric
structure, recognition site symmetry, cofactor requirements,
etc. [1,2]. Usually, protein sequences of REases show no simi-
larities, however putative evolutionary and phylogenetic links
are starting to emerge [3]. A possible relationship has been pro-
posed [4,5] for a group of REases illustrated in Table 1. These
enzymes belong to the diﬀerent subtypes but recognize related
nucleotide sequences.
Orthodox Type IIP enzymes Ecl18kI/SsoII/PspGI (Table 1)
are homodimers that interact with a single copy of a palin-
dromic recognition site and require Mg2+ ions as the only
cofactor needed for catalysis to occur [4–6]. Archetypal Type
IIE REase EcoRII, unlike orthodox enzymes, shows no cleav-
age activity on DNA containing the single CC(A/T)GG recog-
nition site even in the presence of cofactor ions [7]. To activate
cleavage it requires binding of two copies of the CC(A/T)GGAbbreviations: BSA, bovine serum albumin; wt, wild-type; CD, circular
dichroism
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doi:10.1016/j.febslet.2006.02.010sequence in addition to metal ion binding, however only one
cognate DNA copy is cleaved while the second acts as an allo-
steric activator [7–9]. Limited proteolysis studies indicate that
EcoRII consists of two physically separate domains that exhi-
bit diﬀerent functions [10]. The N-terminal domain of EcoRII
(EcoRII-N) binds the CC(A/T)GG sequence but lacks DNA
cleavage activity, while the C-terminal domain (EcoRII-C)
has the familiar REase-like fold and per se is a functional
orthodox REase that cleaves DNA containing speciﬁc CC(A/
T)GG sequence before the ﬁrst C [10]. Hence, the N- and C-
terminal domains of EcoRII comprise separate structural
and functional modules that perform allosteric activation
and catalytic functions, respectively [10]. The requirement of
EcoRII for two recognition sites is therefore dictated by the
interactions between the N- and C-terminal domains [11]. Tet-
rameric Type IIF REases NgoMIV/Cfr10I/Bse634I (Table 1)
also require two cognate DNA copies for their optimal activ-
ity, however contrary to EcoRII, cleave both DNA copies in
a concerted manner [12–16].
Here, we provide experimental evidence that the EcoRII-C
shares conserved structural determinants of DNA sequence
recognition and catalysis with the tetrameric REases Ngo-
MIV/Cfr10I/Bse634I. We show that an isolated EcoRII-N
binds a single DNA copy as a monomer similarly to the
DNA binding domain of the Type IIS REase BﬁI [17]. Collec-
tively, data provided here suggest intriguing evolutionary rela-
tionships between Type IIE REase EcoRII and a subset of
Type IIP, Type IIF and Type IIS enzymes.2. Results
2.1. DNA binding by the C-EcoRII
The EcoRII-C was obtained by thermolysin digestion of
wild-type (wt) EcoRII protein. In the absence of DNA EcoR-
II-C is resistant to thermolysin treatment while EcoRII-N is
rapidly degraded. N-terminal amino acid sequence analysis re-
vealed that thermolysin cleavage occurs at the V179 residue lo-
cated in the interdomain linker connecting N- and C-terminal
domains of EcoRII [11]. On a gel ﬁltration column the EcoRII-
C generated by thermolysin digestion eluted at a retention time
that corresponds to a protein with apparent Mw of 56 kDa
(Fig. 1A) which is close to the calculated molecular mass of
52 kDa for the EcoRII-C dimer.
Gel shift experiments revealed no binding of EcoRII-C to
the 33 bp oligoduplex either containing or lacking the recogni-
tion site (data not shown). Previous attempts using 191 bp cog-blished by Elsevier B.V. All rights reserved.
Table 1
Evolutionary conserved family of restriction enzymes: names, subtypes, recognition sequences, oligomeric structures and functional requirements
Enzyme Subtype Recognition sequence Oligomeric state Functional requirementsa
Ecl18kI/SsoII IIP /CCNGG Dimer Single recognition site
PspGI IIP /CCWGG Dimer Single recognition site
Kpn2I/AccIII IIP T/CCGGA b Single recognition sitec
EcoRII IIE /CCWGG Dimer Two recognition sites, cleavage at one site
NgoMIV IIF G/CCGGC Tetramer Two recognition sites, concerted cleavage at both
Cfr10I/Bse634I IIF R/CCGGY Tetramer Two recognition sites, concerted cleavage at both
SgrAI IIF CR/CCGGYG Dimer/tetramer Two recognition sites, concerted cleavage at both
aReﬂect an enzyme ability to interact with a single or two recognitions sites in DNA and cleavage mode.
bNot determined.
cKpn2I cleaves a single site plasmid with high eﬃciency (G. Sasnauskas, personal communication).
Fig. 1. Gel ﬁltration of EcoRII on Super SW2000 column. (A) Molecular masses of wt EcoRII, EcoRII-N and EcoRII-C and EcoRII-N-DNA
complexes. The apparent Mw of wt EcoRII (red circle), EcoRII-C (cyan open circle), EcoRII-N (blue open inverted triangle), speciﬁc 16 bp DNA
(green open square) and EcoRII-N–DNA complex (violet open triangle) were calculated by interpolation from the standard curve obtained using a
set of proteins of known Mw (black circles). (B) Gel ﬁltration analysis of EcoRII-N–DNA complexes at various protein:DNA ratios. Size-exclusion
chromatography was performed as described in Section 4.
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by EcoRII-C [10]. Many REases, which show no DNA binding
in the gel shift assay in the absence of metal ion, however, dis-
play DNA binding speciﬁcity in the presence of Ca2+ ions that
do not support DNA cleavage by REases [18–20]. Therefore,
gel shift analysis of DNA binding by EcoRII-C was performed
in the presence of 5 mM of Ca2+ ions both in the binding and
gel running buﬀer. Indeed, re-examination of DNA binding in
the buﬀers supplemented with Ca2+ ions revealed EcoRII-C
binding to the cognate 33 bp oligonucleotide (Kd = 11 ± 1 nM)
but showed no binding to the non-speciﬁc DNA (Fig. 2A and
B).
2.2. Mutational analysis of catalytic and DNA binding sites at
EcoRII-C
Most of the Type II enzymes with known structures belong
to the PD-(E/D)XK superfamily of nucleases with the active
site consensus of (P)DXn(D/E)XK [2,21]. The conserved active
site residues are positioned at one end of the conserved b-
meander [2,21,22]. In Type IIF REases NgoMIV/Cfr10I/
Bse634I the second acidic residue at the active site comes from
a distant helix and not the b-meander [16].
In the post-reactive NgoMIV–DNA complex two Mg2+ ions
are located at the catalytic/metal-binding site [13]. MeB is coor-
dinated by the carboxylate residues of D140 and E201 (via
water molecule) and carbonyl oxygen of C186. Structural com-
parison reveals that in EcoRII acidic residues D299 and E337
superimpose with D140 and E201 residues at the active site of
NgoMIV (Fig. 3A). Conserved K324 residue of EcoRII is pre-sumably involved in catalysis similarly to NgoMIV [13] and
many other REases [2]. Structural superposition suggests
(Fig. 3A) that EcoRII residues E271 and D299 may contribute
to the coordination of the second metal ion MeA similarly to
NgoMIV/Cfr10I/Bse634I (Fig. 3A). Therefore, it is likely that
EcoRII like NgoMIV coordinates two metal ions at the active
site.
In order to demonstrate the functional importance of the
putative active site residues E271, D299, K324 and E337 of
EcoRII we generated a set of alanine mutants and studied
DNA cleavage and binding properties of mutant proteins.
Phage k (damdcm) DNA cleavage analysis revealed (Table
2) that the catalytic activity of E271A, D299A, K324A and
E337A mutants was completely abolished or signiﬁcantly com-
promised suggesting their active site function. However, a sim-
ilar loss of function phenotype would be characteristic for the
mutants of the DNA binding residues.
In order to test whether alanine mutations of putative cata-
lytic residues at EcoRII-C aﬀect speciﬁc DNA binding, we
studied DNA binding properties of mutant proteins. To avoid
possible DNA binding interference by the N- and C-terminal
domains in full-length EcoRII, mutant proteins were subjected
to limited proteolysis by thermolysin to yield EcoRII-C mu-
tants (E271A-C, D299A-C, K324A-C and E337A-C). Gel shift
analysis indicates that E337A-C (Fig. 2A) and K324A-C (data
not shown) mutants show the same DNA binding aﬃnity as
the isolated EcoRII-C (Table 2) conﬁrming catalytic/active site
function of the latter residues. DNA binding ability of D299A-
C (Fig. 2A) and E271A-C mutants (data not shown), however,
Fig. 2. Gel shift analysis of DNA binding by EcoRII-C. (A) speciﬁc DNA binding by EcoRII-C, E337A-C, D299A-C and R330A-C. (B) non-speciﬁc
DNA binding by EcoRII-C; non-speciﬁc DNA binding patterns of E337A-C, D299A-C and R330A-C are similar to (B). The binding reactions
contained either the speciﬁc or the non-speciﬁc 33P-labelled 33 bp oligoduplex (1 nM) and the EcoRII-C at concentrations (in terms of dimer) as
indicated by each lane. Samples were analysed by PAGE under non-denaturing conditions (see, Section 4). The last lane of each gel contained wt
EcoRII instead of EcoRII-C. All gels were run in the presence of 5 mM of Ca(OAc)2.
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gests that the D299 residue of EcoRII similarly to D140 of
NgoMIV may be involved in bridging interactions with metal
ions (Fig. 3A). DNA binding studies revealed that Ca2+ ions
are absolutely required for speciﬁc DNA binding by EcoRII-
C (see above). Replacement of negatively charged D299 resi-
due by alanine may disturb Ca2+ ion coordination at the active
site in EcoRII-C thus abrogating DNA binding. Similar phe-
notype was observed for the alanine mutant of the structurally
equivalent D160 residue of Ecl18kI [5] REase. Interestingly,
alanine replacement of E271 residue presumably involved in
the coordination of the metal ion MeA also diminishes cognate
DNA binding. Hence, it is tempting to speculate that binding
of the MeA metal ion at the active site is important for the spe-
ciﬁc DNA binding by EcoRII-C.
Structural studies of NgoMIV demonstrate that structural
elements involved in catalysis and sequence discrimination
are intertwined [13]. Indeed, in NgoMIV amino acid residues
involved in the recognition of the central CCGG nucleotides
are located on a short stretch of amino acids 191RSDR inter-spaced between the active site residues K187 and E201, respec-
tively [13]. Structural comparison reveals that K328, D329 and
R330 of EcoRII are homologous to the R191, D193 and R194
residues of NgoMIV (Fig. 3B). In the NgoMIV monomer the
conserved residues are involved in the major groove recogni-
tion of inner and middle C:G base pairs (shown in bold) within
one-half of the GCCGGC sequence. Structural conservation
of these residues between NgoMIV and the EcoRII-C suggests
that K328, D329 and R330 residues could contribute to the
discrimination of C:G base pairs (shown in bold) within the
recognition site CCWGG characteristic for EcoRII.
In order to test this assumption we have generated K328A,
D329A and R330A mutants of EcoRII and tested their
DNA binding and cleavage ability. We have found that the
alanine replacement of R330 (Fig. 2A) and K328 (data not
shown) residues abolished both the DNA cleavage and binding
ability conﬁrming the importance of these residues in the
speciﬁc DNA binding (Table 2). Interestingly, while D329A
substitution nearly abolished the catalytic activity, speciﬁc
DNA binding aﬃnity decreased only 10-fold (Table 2) in
Fig. 3. Conserved active sites and DNA recognition elements between EcoRII and tetrameric restriction enzymes NgoMIV/Cfr10I/Bse634I. (A)
Superposition of EcoRII (gold), NgoMIV (crimson), Cfr10I (mediumblue) and Bse634I (skyblue) proteins reveals putative active site residues of
EcoRII. Mg2+ ions from NgoMIV–DNA structure are shown as green spheres and labelled MeA and MeB according to [13]. The scissile phosphate is
shown as an orange sphere. (B) Residues involved in the recognition of C:G nucleotides in NgoMIV (crimson) and their structural equivalents in
EcoRII (gold). The superposition was performed with top3d program [31] and the image in this ﬁgure was produced with MOLSCRIPT [32] and
Raster3d [33].
Table 2
DNA cleavage and binding by EcoRII and mutant proteins
Protein Speciﬁc activity (%)a Kd, nM
c
EcoRII 100 11 ± 1
E271A 0 >2000
D299A 0 >2000
K324A 0 8 ± 1
E337A <0.01b 14 ± 2
K328A <0.01b >1000
D329A <0.01b 80 ± 20
R330A 0 >600
aThe DNA cleavage activity of full-length EcoRII proteins was
determined as described in Section 4.
bIncomplete DNA hydrolysis after 16 h incubation.
cKd value for the C-terminal domain binding to speciﬁc 33 bp oligo-
nucleotide is provided.
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cular dichromism (CD) spectra identical to the wt enzyme
(data not shown), indicating that mutations did not induce
any gross conformational changes in the protein.
Gel ﬁltration studies of the EcoRII-C mutants revealed that
all proteins elute at a time that corresponds to an apparentMwFig. 4. Gel shift analysis of DNA binding by the EcoRII-N. The binding r
labelled 33 bp oligoduplex (1 nM), and the protein at concentrations (in ter
PAGE under non-denaturing conditions (see Section 4). Gels were run in thof 54–57 kDa (data not shown) that is close to the value of
52 kDa calculated for EcoRII-C dimer. Hence, the EcoRII-C
mutants remain in a dimeric form, similar to the wt EcoRII-C.
2.3. DNA binding by the EcoRII-N
Gel shift analysis of the speciﬁc 191 bp DNA fragment bind-
ing by the isolated EcoRII-N revealed two bands with diﬀerent
electrophoretic mobilities [10]. It was suggested that the two
bands of EcoRII-N–DNA complexes could be due to either
nonhomogeneity of the enzyme preparation or dimerization
of EcoRII-N in the presence of speciﬁc DNA [10].
We have analysed EcoRII-N binding to the 33 bp cognate
oligoduplex. The recombinant version of the EcoRII-N con-
taining an N-terminal His-tag has been used in the binding
experiments [10]. EcoRII-N bound readily to the 33 bp duplex
with the recognition site (Kd = 1.6 ± 0.3 nM), but not to the
duplex lacking the cognate site (Fig. 4). Noteworthy, EcoR-
II-N bound cognate DNA in the absence of divalent metals
ions that were absolutely necessary for EcoRII-C binding
(Fig. 2). The apparent Kd value for EcoRII-N binding to the
33 cognate bp duplex, however, was nearly 20-fold lower in
comparison to the 191 bp cognate DNA fragment [10]. Theeactions contained either the speciﬁc (A) or the non-speciﬁc (B) 33P-
ms of monomer) as indicated by each lane. Samples were analysed by
e presence of 0.1 mM EDTA.
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to the truncated protein version that co-puriﬁes with the EcoR-
II-N on the Ni2+-column. Indeed, SDS–PAGE analysis reveals
two bands present in the recombinant EcoRII-N preparation
that diﬀer slightly in the molecular weight but both react with
the anti-EcoRII antibodies [10]. In the absence of DNA EcoR-
II-N is susceptible to proteolytic degradation in vitro [10].
Expression of EcoRII-N in E. coli may be accompanied by
its partial proteolytic degradation at the C-terminus yielding
a truncated protein version that co-puriﬁes with the full-length
EcoRII-N on a Ni2+-column.
In the crystal structure the N-terminal domains of EcoRII
make a dimer. Analytical ultracentrifugation indicates that
the isolated EcoRII-N in solution is a monomer which shows
a tendency to dimerize at higher protein concentrations (Kd
value for protein dimerization 1.85 ± 0.19 lM) [10]. The
EcoRII-N shows DNA binding in the low nanomolar range
of protein concentrations (Fig. 4) far below the Kd for the
EcoRII-N dimer suggesting that a monomer binds a single
DNA copy. If, however, EcoRII-N dimerizes upon DNA bind-
ing, then protein–DNA complex may include two DNA copies
per dimer.
2.4. Gel ﬁltration analysis of the EcoRII-N–DNA complex
We have analysed stoichiometry of the EcoRII-N:DNA
complex by gel ﬁltration. Apparent Mw values were deter-
mined from the elution volumes by reference to a series of mar-
ker proteins of known Mw. EcoRII-N in the absence of DNA
eluted at a volume that corresponds to an apparent Mw of
23 kDa (Fig. 1B, blue line). The apparent Mw of EcoRII-N
determined by gel ﬁltration is thus close to that expected for
a monomer: the theoretical molecular mass of the EcoRII-N
is 22.9 kDa. When the 16 bp duplex was applied to the column,
it eluted as an apparent Mw of 27 kDa (Fig. 1B, green line).
The apparent Mw of the duplex is 2.5 times higher than its ac-
tual molecular mass of 10.7 kDa. This is due to the duplex
cylindrical shape and much higher frictional ratio than the
spherically shaped marker proteins. In the gel ﬁltration exper-
iment of the complex of EcoRII-N and 16 bp speciﬁc oligonu-
cleotide at EcoRII-N (monomer):DNA (duplex) ratio 2:1
(Fig. 1B, violet line) the mixture eluted in two peaks: one cor-Fig. 5. Evolutionary links between a subset of REases belonging to diﬀe
conserved between the orthodox, Type IIF and Type IIE enzymes. Yellow
domains conserved between EcoRII and BﬁI. Kidney-shape green structure h
enzymes.responding to an apparent Mw of 38 kDa; another at the
same time as the free EcoRII-N protein, again denoting an
apparent Mw of 22 kDa. The two-fold excess of EcoRII-N
over the DNA thus presumably leaves one fraction of the pro-
tein in its free state, the 22 kDa species, and another fraction
monomer bound to one duplex, the 38 kDa species. Further
gel ﬁltration experiment used the same amount of EcoRII-N
but with increased amounts 16 bp oligo, so that the ratio of
EcoRII-N (monomer):DNA (duplex) was 1:2. This eluted in
two peaks again: one corresponding to an apparent Mw of
38 kDa (the monomer bound to one duplex), another at
the same time as the free DNA (an apparent Mw of
27 kDa) (Fig. 1B, orange line). Hence, EcoRII-N seems to
bind DNA as a monomer to yield complex with one duplex
per monomer.3. Conclusions
Mutational analysis indicates that the EcoRII-C shares con-
served structural determinants for the common C:G base pair
recognition and catalysis with the tetrameric Type IIF REases
NgoMIV/Cfr10I/Bse634I. The EcoRII-C, however, like ortho-
dox REases Ecl18kI/SsoII/PspGI [4–6] is a homodimer that
makes largely symmetrical interactions with palindromic
DNA sequences and contains two distinct sites each responsi-
ble for catalyzing cleavage in one DNA strand. Like many
other REases it requires Ca2+ ions to manifest DNA binding
speciﬁcity.
The EcoRII-N fragment is structurally similar to the DNA
binding domain of the Type IIS REase BﬁI [23]. We have
shown (Fig. 1B) that the isolated EcoRII-N like BﬁI binds a
single copy of the recognition site. Hence, wt EcoRII consists
of three structural units: an orthodox REase-like core made
of C-terminal domain dimer that contains catalytic site and
binds a single copy of the recognition sequence and two N-ter-
minal eﬀector DNA binding domains that each can bind a
copy of the recognition sequence (Fig. 5).
The family of evolutionary related REases (Table 1) pre-
sumably evolved from the combination of the two conserved
structural modules (Fig. 5): a dimeric orthodox REase corerent subtypes. Kidney-shape blue structures illustrate the monomer
asterisks indicate the active sites. Red ovals illustrate DNA binding
ighlights the diﬀerence between the catalytic domain of BﬁI and other
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elements for C:G base pair recognition, and the DNA-recog-
nition element similar to the Type IIS REase BﬁI and plant
transcription factors [24]. Combination of two orthodox di-
mers generated NgoMIV-like tetrameric Type IIF REases.
The Type IIE REase EcoRII presumably evolved through
the fusion of a dimeric orthodox REase to the DNA-recog-
nition element. Interestingly, evolutionary relationship be-
tween the Type IIP, IIF and IIE REases (Fig. 5) extends
to the subset of Type IIS enzymes. Metal-independent Type
IIS REase BﬁI exhibits a modular architecture. The C-termi-
nal DNA-binding domain of BﬁI is structurally similar to
the N-terminal DNA-binding domain of EcoRII, whereas
the N-terminal catalytic domain belongs to the phospholi-
pase D superfamily [17,23]. This ﬁnding suggests that diﬀer-
ent subtypes and lineages of REases might have evolved
through the recombination of conserved structural blocks
that became fused to diﬀerent catalytic cores.4. Materials and methods
4.1. Protein expression and puriﬁcation
E. coli strain JM109 (pQE30 (R+M), pDK1 (RM+)) was used for
the protein expression [25]. Wt EcoRII and mutant proteins were ex-
pressed as N-terminal (His)6-tag fusions. Cells carrying genes encoding
EcoRII, EcoRII-N, E271A, D299A, K324A and E337A proteins were
grown in Luria Broth medium as described [25]. To increase protein
yield M9 minimal medium [26] supplemented with 4 lg/ml thiamine,
100 lg/ml carbenicillin, 25 lg/ml kanamycin and 20 lg/ml of L-trypto-
phan, L-histidine and L-methionine was used for the growth of cells
harbouring K328A, D329A and R330A mutants.
All the His-tagged proteins were puriﬁed as described [25,27]. All
protein preparations were to >95% pure according to SDS–PAGE.
Protein concentrations were measured by Bradford assay using bovine
serum albumin (BSA, Pierce) for the calibration.
4.2. Plasmids and oligonucleotides
Phage k damdcm DNA was purchased from Fermentas. All oligo-
nucleotides were purchased from MWG Biotech or Metabion.
Following oligonucleotides were used in DNA binding experiments:












For the gel shift DNA binding experiments one strand of the 33 bp
duplexes was 5 0-end labelled by [c-33P] ATP (Amersham Biosciences)
following standard procedures [28].4.3. Mutagenesis
The E271A and D299A mutant plasmids were donated by M. Reu-
ter (Institute of Virology, Berlin). Mutants K324A, K328A, D329A,
R330A and E337A were obtained by a two-step ‘‘megaprimer’’ method
[5]. Both strands of the ecoriiR gene were sequenced to conﬁrm that
only the designed mutations had been introduced.4.4. DNA cleavage activity
The DNA cleavage activity of EcoRII and mutant proteins was
determined by incubating diﬀerent amounts of protein in 50 ll reac-
tion buﬀer (33 mM Tris–acetate (pH 7.9), 66 mM potassium acetate,10 mM Mg(OAc)2 and 0.1 mg/ml BSA), containing 1 lg phage k
damdcm DNA as described [29]. The reactions were carried out
for 1 h at 37 C. The reactions were stopped by adding 25 ll of
loading dye solution (67.5 mM EDTA (pH 9.0 at 25 C), 0.3%
SDS and 0.01% bromphenol blue in 45% (v/v) glycerol) and ana-
lyzed by electrophoresis using a 1.0% (w/w) agarose gel. Gels were
visualized under UV light and the completeness of the k DNA
cleavage evaluated visually. One unit of enzyme activity is the
amount of protein required to completely hydrolyze 1 lg of DNA
in 60 min in a total reaction volume of 50 ll. Wt EcoRII had a spe-
ciﬁc activity of 2 · 105 U/mg.4.5. Limited proteolysis with thermolysin
The EcoRII-C and EcoRII-C mutants were obtained by thermolysin
(Serva) digestion of 0.5 mg/ml (5.4 lM in terms of dimer) protein solu-
tion at 25 C in 10 mM Tris–HCl (pH 7.5), 200 mM KCl, 1 mM DTT,
20–45% glycerol, 0.015–0.1% Triton X-100, 2 mM Ca(OAc)2.
EcoRII:thermolysin ratio was 10:1 w/w for wt, E271A, D299A,
K324A, E337A and 2.5:1 w/w for K328A, D329A, R330A. Reactions
were terminated by adding EDTA to 9 mM. The proteolysis mix con-
tained >90% EcoRII-C according to SDS–PAGE analysis and was
used in DNA binding and gel ﬁltration experiments without further
puriﬁcation. The EcoRII-C concentration in the proteolysis mix was
evaluated by densitometric analysis of wt EcoRII standard and EcoR-
II-C bands in the Coomassie stained SDS–PAGE gel. The N-terminus
sequence analysis was performed in the ZMMK-Servicelabor (Univer-
sity of Cologne).4.6. DNA binding studies by gel mobility shift assay
The concentration of 33P-labelled 33 bp speciﬁc and non-speciﬁc oli-
goduplexes was kept at 1 nM. For DNA binding analysis of EcoRII-C,
diﬀerent amounts of proteolysis mixture (stopped with EDTA) were
incubated at room temperature for 5 min with 33 bp cognate or non-
cognate oligoduplexes in 20 ll of binding buﬀer (10 mM Tris–HCl
(pH 7.5), 200 mM KCl, 1 mM DTT, 10% (w/w) glycerol, 0.1 mg/ml
BSA with or without 10 mM of Ca(OAc)2).
For DNA binding analysis of the N-terminal domain, diﬀerent
amounts of the recombinant EcoRII-N were incubated for 10 min at
room temperature with cognate or non-cognate oligoduplexes in
20 ll of binding buﬀer (40 mM Tris–acetate (pH 8.3), 0.1 mM EDTA,
0.1 mg/ml BSA, 10% (w/w) glycerol).
Free DNA and protein–DNA complexes were separated through
non-denaturing 8% polyacrylamide gel (29:1, acrylamide/N,N 0-methyl-
enebisacrylamide) in electrophoretic buﬀer with or without Ca2+ ions
(40 mM Tris–acetate (pH 8.3) and 5 mM Ca(OAc)2 or 0.1 mM EDTA,
respectively). Electrophoresis was run at room temperature for 3 h at
6 V/cm. After electrophoresis all gels were analysed and the amounts
of complexed and non-complexed DNA were determined. The Kd val-
ues for cognate oligonucleotide binding by the N- and C-terminal do-
mains were calculated by ﬁtting binding data to:
y ¼ fs0  x Kd þ ½ðs0 þ xþ KdÞ2  4s0x0:5g=2; ð1Þ
where y is the free DNA concentration (in terms of nM) at each protein
concentration x, s0 is the DNA concentration in binding mixture, and
Kd is the dissociation constant of protein–DNA complex. Data were
analysed using the KYPLOT 2.0 software [30].4.7. Gel ﬁltration
Gel ﬁltration experiments were carried out at room temperature on
Waters Breeze HPLC system using a TSK-GEL SUPER SW2000 col-
umn (Tosoh Bioscience) pre-equilibrated with 100 mM sodium phos-
phate (pH 6.7) buﬀer containing 100 mM sodium sulphate. The
samples of EcoRII-N (1.5 lM in terms of monomer), wt EcoRII
(2 lM dimer) and DNA were prepared in 20 ll of the same buﬀer.
The EcoRII-N–DNA complexes were prepared by mixing 30 pmol of
EcoRII-N with diﬀerent amounts of speciﬁc 16 bp duplex to give molar
ratios of monomer:duplex at 2:1 and 1:2, respectively. For oligomeri-
zation state analysis of the wt EcoRII-C and EcoRII-C mutants
20 ll proteolysis mixture obtained in the absence of speciﬁc DNA
was loaded on the column. The gel ﬁltration was performed as de-
scribed [29], except that elution from the column was monitored by
measuring absorbance at 215 and 260 nm.
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